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COPPER MINING ON LAKE SUPERIOR. 

BY PROFESSOR T. EGLESTON, PH.D., SCHOOL OF MINES, COLUMBIA 

COLLEOE, NEW YORK CITY. 

The copper-bearing rocks of T-^ake Superior are composed of a 
series of metaraorphic rocks, comprised under the names of amyg- 
daloid and conglomerate, in which the copper and silver found with 
them are pseudomorphs. These rocks, generally, have well-defined 
walls which cause them to separate easily. Generally, the country 
rock is sterile, but it occasionally rises into the copper-bearing rock, 
and then carries copper. Usually, the amygdaloids carry copper, 
and the greenstones or melaphyres which encase them do not. 

There is a very generally received opinion that the copper in these 
beds occurs in shoots. This does not appear to be proved, though the 
opinion seen]S to have some foundation from the experience of the 
Calumet & Hecla Mine, where a body of poor rock has been left, 
which, on the mine map, shows a general direction. The theory may 
be true of that individual mine, but too little work has been done in 
the other mines to draw any decided conclusion. The copper is very 
unequally disseminated in the rock, if any given piece be taken as 
an example, but, if the \vhole copper-bearing series be considered, 
its distribution is uniform. It may prove that there are certain di- 
rections in which the copper has been depasited more abundantly 
than in others, and these may be found to correspond with certain 
geological causes, but up to the present time the knowledge gained 
is not sufficient to warrant any general conclusion. 

These rocks are supplemented by a series of true fissure veins, of 
which there are several systems, making the amount of native cop- 
per very large. Unfortunately, except in the fissure veins, known 
as " mass-mines," the copper is so scattered through the rock, and is 
in such a fine, state of division, that, although it is not always diffi- 
cult to mine, it is always difficult to dress it sufficiently to make it 

pay- 

The metal is so uniformly distributed through these copper-bear- 
ing rocks that detached pieces, called " float," are found in digging 
on almost any land in the country. These pieces vary from very 
small fragments, weighing not more than a few ounces, up to many 
pounds. In one instance, in making an excavation for a cellar of a 
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house, a piece weighing 1500 pounds was found. This copper is 
from 90 to 95 per cent., and, in detached pieces, even purer, and has 
evidently been deposited by electro-chemical action, having replaced 
parts of the rock, atom by atom. This phenomenon has taken place 
in all the different characters of deposits. I have had sections made 
of "barrel-work," from both the amygdaloid and conglomerate 
mines, which show the rock in all stages of impregnation. One 
ffom the Franklyn mine shows the copper in a leafy state, replacing 
the chlorite, so that when the chlorite not transformed is picked out 
the rock is nothing but a succession of hollow shells of copper. 
Not more than 40 per cent, of this mass was copper, and the rest 
was the more or less altered iron chlorite, known as delesseite. An- 
other, from the Calumet & Hecla Mine showed the paste of the 
rock completely transformed into copper, leaving the crystals of 
quartz and feldspar intact. This piece was almost pure copper. 

This condition of things characterizes the amygdaloid and con- 
glomerate beds, and is in them in every possible stage of develop- 
ment, and gives rise, in both classes of rock, to very, thin leaves 
which float on the water and are carried off in the process of dress- 
ing. The change of the rock into pure copper has not taken place 
to any great extent in these two kinds of veins. 

The amount of copper in the rock varies from less than 1 percent., 
as in the Atlantic, to 4 and 5 per cent., as in the Calumet & Hecla, 
which is the richest of all the mines; the yield of this mine for the 
year 1876 was 4f per cent, mineral. 

The strike and dip of the strata is very nearly uniform. At 
Portage Lake they have a strike of 35°, and a dip which is about 
65°, which in the rest of the district rarely falls below 30°. 

The amygdaloids vary but little in their constitution. They have 
been carefully studied by Professor Pumpelly,* and all the changes 
given in minute detail. 

The conglomerates are found in every possible condition, from a 
type porphyry of large grain, with pebbles of from two to three 
inches in diameter, to a very fine-grained one, which is frequently 
transformed entirely into metallic copper. This rock, called the 
"sandslip," is from three inches to twelve inches thick in the Calu- 
met & Hecla and the Alouez mines. At other times the whole rock 
is entirely decomposed into a hard clay, sufficiently plastic to be with 
difficulty compressed by the hand, but easily cut with a knife, retain- 
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ing exactly the colors of the rock, and the shape and colors of the 
crystals of quartz and feldspar. In the vicinity of Portage Lake 
the conglomerates are entirely feldspathic, but from the Calumet & 
Hecla on they are highly quartz! ferous. 

There is a theory that the conglomerates, when they are of fine 
grain, will be rich, which is not entirely to be depended upon. It 
is true that the finer the grain of the rock the more cop{)er there 
will be likely to be in it, since the deposit seems to be more readily 
made in the paste of the rock, and for that reason a given cubic foot 
will contain more copper, since the larger pebbles are fisually bar- 
ren. Occasionally, the " sandslip," which is the conglomerate in the 
condition of very fine grains, is completely transformed into metallic 
copper, but this is an exception, as is also the transformation of the 
pebbles into copjier. The fineness of the grain may be said to be a 
favorable indication, but the pillars of poor rock left in the mine are 
not usually of any coarser grain than those extracted. 

There are fifteen different conglomerate beds, which are recognized 
by their position in the general geological section of the country, all 
but four of which have been found by explorations to continue through 
the whole of the copper region of the promontory of Lake Superior. 
All but five of these have had workings upon them, but the only 
paying mine on them is the Calumet & Hecla. They were formerly 
considered as barren of copper, and for a long time received no at- 
tention from mining men. At the Nonsuch Mine the copper is 
found in very thin flakes, scattered through a bed which is 14 J feet 
thick. This is divided into three sections: the upper one is 6 J feet, 
and is said to contain IJ to 3 per cent, of copper; the middle one is 
slate, 5 feet thick, but poorer in copper; the lower one, 3 feet thick, 
contains 2 per cent, of copper, and carries pockets rich in silver. 
The mine has only just been opened, and although extensive prepa- 
rations had been made to work it, they were brought to a standstill 
by the death of the president of the company. 

The amount of copper contained in these rocks is very variable, 
but as the amygdaloid is easily crushed the selection is not very care- 
fully made. An exceedingly poor rock, as at the Atlantic Mine, 
which yields only f per cent., can be worked. This is not true of 
the conglomerates which, on the contrary, are very hard. The rock 
must be richer, and the pieces have therefore to be carefully picked. 
The exceedingly favorable showing of the Atlantic, which is an 
amygdaloid mine^ is owing partly to the fact that the ore is much 
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more easily mined than in the conglomerate beds, but is also in part 
due to its excellent management. 

All of these mines produce more or less copper in lumps, which, 
when of sufficient size to be handled, is called " barrel-work," to dis- 
tinguish it from that produced by the stamps, which is called ^* stamp- 
work." These masses of copper vary from the size of a pea xip. 
Masses weighing as high as one ton have been found in the conglom- 
erate mines, but this is unusual. When slips have taken place in 
the hanging wall of these mines, the copper is deposited between the 
layers of tRe slips in thin sheets, which look as if they were rolled 
out. Many of them have been taken out from the Calumet &Hecla 
two feet square. They could probably have been taken out much 
larger but for the difficulty of handling them, for as it is not possible 
to separate all the rock, the sheet breaks or tears with its weight. It 
requires great judgment in the mine to determine what rock shall be 
brought to the surface and what left in the mine. The eye fre- 
quently fails to detect anything in the poor rocks, but by running 
the fingers gently over their surface, the miner soon learns to detect 
the slightly projecting pointed pieces of copper from the inequalities 
of the rock, and even to form an approximate judgment of how 
much it contains. 

The methods of mining which will be described are, those of the 
ancients, which will be passed over with only a notice; those used in 
the fissure veins, or " mass mines," and those used on the amygdaloid 
and conglomerate beds. 

The disposition of the copper in the mines causes several kinds of 
material to be sent to the smelting works : "mass copper" is the large 
pieces, from fifty pounds and upwards ; "barrel-work" comprises the 
pieces less than about fifty pounds, which c^n be easily packed in 
barrels; "stamp-work," or " mineral," is that which comes from the 
dressing works. All the mines produce mineral and barrel-work. 
Mass copper comes, except occasionally, from the mass mines. The 
conglomerates produce but a small amount of barrel-work, while the 
mass mines produce a great deal. As all the mines produce min- 
eral, it is by far the largest part of the copper treated in the smelt- 
ing works. 

The organization of the mines is generally the same throughout 
the district. It is usually arranged so as to separate the surface work 
from the mining proper, and differs only in non-essentials from one 
district to the other, in different mines. The chief man is the agent, 
who is responsible directly to the board of directors. Under him 



COPPER MINING ON LAKE SUPERIOR. 7 

are three oflSeers, the head mining captain, the surface superintend- 
ent, or "surface boss," as he is generally called, and a physician. In 
a few exceptional cases, the head captain is, to some extent, indepen- 
dent of the agent, but this is not generally so. The agent makes all 
the contracts for supplies, and purchases all the materials for the 
mine. He conducts all the business of the office, having under him 
a force of clerks, more or less large, according to the business of the 
mine. Sometimes the surface contracts are made by the superintend- 
ent, but always with the approval of the agent. In the office the 
mining and surface w^ork are always kept separate. The mine clerk 
has charge of all the books relating to the mine proper, keeps all 
the accounts of the mine contracts and a personal ledger account with 
each miner. These accounts, less the store charges, are settled once 
a month in drafts, which the men negotiate. Generally, very little 
money is kept at the mine, both on account of want of security, and 
because it is quite as easy for the men to negotiate their drafts as for 
the company to get the ready money. A miner desirous of leaving 
before the end of the month sells his verified account easily. In 
mines with full credit such an account will bring very nearly its face. 
They are, however, sometimes sold at a great reduction, when the 
credit is not good or a panic takes possession of the men. 

The surface superintendent has under him a master mechanic or 
machinist, a head blacksmith, and a head carpenter, who have charge 
of the machinery, tools, buildings, and all the work of the mine, not 
immediately connected with mining. They take charge of all the 
ordinary repairs to the machinery and tools, cut and saw the timber, 
build and repair the houses, take care of the surface railroad, etc. 

In some mines, in addition to these men, there is a farmer, who 
raises produce on the company's lands; but generally it costs more to 
raise crops than to purchase them in the open market. The store at 
which the men purchase their supplies is either kept by the com- 
pany or let out by contract, with the agreement that the store 
accounts shall always be secured by the company to the store, and 
have preference over all other debts owed by the men. 

The prices charged are reasonable, and are generally as low or 
lower than the men could obtain elsewhere. The men are not obliged 
to go to the store, though most of them do. 

The companies generally own houses, which they let to the men 
with families at a low rent ; some of these families take boarders, 
but most of the single men prefer to live iji boarding-houses, which 
at some of the mines are kept, by persons licensed by the company. 



\ 



/ 



8 COPPER MINING ON LAKE SUPERIOR. 

The houses let to families generally have a garden plot attached to 
them, which helps to keep the men quiet, as no one will give up a 
garden until he has reaped the full benefit of it. 

Every large mine has at least one physician, who receives a salary, 
A certain sum is deducted from the pay of the men, each month, 
toward this object. This is generally double for men of family 
what it is for single men. Sometimes two or more mines employ 
the same physician, if they are within convenient riding distance the 
one from the other. 

The head mining captain has entire charge of the underground 
workings. He is generally responsible to the agent, but sometimes 
to the company. He usually has under him at least two other 
captains, one for the day and one for the night shift, who work alter- 
nate weeks on the day and night shift. 

The miners generally work by contract, usually on short times, but 
the arrangement is a nominal one, for the contracts are made so that 
only a certain minimum per month shall be earned. If it is found 
that more is being made, the price of the next set of contracts is 
lowered. The head mining captain lets the contracts on his judg- 
ment of the rock, generally made by sounding it with the head of a 
pick ; judging by the sound how firm the rock is, he lets the con- 
tract according to its solidity and the ease with which, accord- 
ing to its position, it can be detached. This letting of contracts 
requires not only experience but great judgment on the part of the 
officer, but the company always has control of the matter, for if 
by the books at the end of the month it is seen that the mining 
captain has made a wrong estimate, the price is lowered at the 
next letting. The contractor selects his own men and works in 
partnership with them. They receive their mine supplies from the 
mine, and are charged with them. The steel is weighed at the com- 
mencement and the end of the contract, but the mine blacksmith 
does the sharpening at the expense of the mine. When the contract 
is finished it is measured by the head captain, or one of the captains, 
and reported to the clerk, who accepts the captain's report as correct 
and credits the amount due each man on the company's books, sub- 
ject to reclamations, whic^h in dull times are not often made. The 
hours vary according to circumstances. The shift is generally twelve 
hours, but for work of a special nature eight-hour shifts are made. 
In most of the fissure veins very careful mine surveys are made and 
kept up, so that the map is a record of all the accidents to the vein 
which have been shown in the mining. In many of the other mines 
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the mine map is simply a plan of the foot-wall, which serves no other 
purpose than to give a general idea of the progress of the mine. 

ANCIENT MINING. 

Mining in the copper region of Lake Superior has been carried 
on from a very remote period, dating at the least five hundred yeare 
before the discovery of this country. This date is assigned from the 
age of trees which have grown over the explorations. The methods 
used by the miners of that time were very rude; they simply fol- 
lowed the vein matter with copper tools and stone hammers, using 
wooden shovels to move the broken rock, and wooden bowls and 
bark launders to free the mine from water. They did not want, and 
were unable to handle, pieces larger than a^few pounds, which they 
took as they found them and beat out cold into shape, leaving the 
ailver attached to the copper. They seem to have Imd no knowledge 
of dressing, which would have been of no use to them, as they were 
ignorant of the fact that copper could be smelted. Their excavations 
were usually open to the air, and never more than twenty to thirty 
feet deep; in a few instances only was any rock left overhead. They 
generally followed the outcrop of the vein, but made no attempt to 
follow it in depth. AJost of their excavations were so filled by de- 
cayed trees and dirt, that in a thickly-wooded country they for a 
very long time escaped observation. When attention was once called 
to them they were explored, and many of the best mines in the 
early history of the present development were located upon them. 
This is true of the Central, in the Keewenaw district, where three 
large masses were found uncovered, two of them overlapping each 
other, amounting to 53 tons in weight. The thin edges of these 
overlapping masses^had been hammered so that they were very much 
bent before it was decided to abandon them. At the Minnesota mine, 
in the Ontonagon district, they found a mass of six tons, which had 
been raised on a cob work of wood several feet before it was aban- 
doned. The wood was still sound, but when brought to the air it 
cracked and rapidly went to pieces. 

The veins worked by these miners were not chosen at random, but 
were selected with a judgment and skill to which the prosperity of some 
of our mines of to-day are to a great extent due. Nothing is known of 
the people who did the work, except the scanty traces which they have 
left behind them in the mines, all of which seem to have been aban- 
doned in the full tide of^prosperity, and are left as though it was evi- 
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dently the intention of the people to return to them. From the methods 
adopted and the severity of the climate, it is evident that they were 
mined only .in the summer season, for in a country where the aver- 
age depth of snow is from four to five feet^ such workings would 
have been impossible in the winter. Who these ancient miners were, 
or where they lived during the rest of the year, we can only conjecture. 
All that is known of them was published in the early volumes of the 
Smithsonian Contributions to Knowledge. Personal inspection of many 
of their works show them to have been a people of a certain amount 
of civilization. They had an art of hardening copper, probably by 
hammering it cold, and a skill in using their tools, which makes 
us wish that we knew more of this race of miners. 

• MASS MINING^ 

The masses of native copper which are found in the mass mines 
vary vcfy greatly in size. They are sometimes single masses and 
sometimes a succession of masses, held together by thin sheets or 
threads, and sometimes masses properly speaking. Most of the 
mines which have produced the largest masses are in the Ontonagon 
district. One was found in the Minnesota mine which weighed five 
hundred tons; one in the National, which, if it. had all been got 
out together, would have weighed over one diousand tons, but the 
nature of the ground was such that it was cut up to extract it, and 
mined at different times.. In the Keweenaw district the Central 
has produced several masses weighing over three hundred tons each ; 
the Phoenix one of six hundred tons, and many over one hundred 
tons ; the Cliff several of one hundred and fifty tons each. These 
are very large masses, and are only found occasionally. The average 
of those extracted will not weigh more than one to fifteen tons. 

To mine such large quantities of metallic copjJer is very difficult, 
and to get them into a shape to use commercially is still more so. 
They are sometimes from ten to twenty or even fifty feet in length, 
from ten to twenty-five feet in width, and from an inch or less in 
thickness on their edges to five or six feet. 

The masses are often discovered by what are called " horns." 
These horns are projections of native copper, which are generally, to 
commence with, not much larger than the thumb, which protrudes 
from one of the walls of the vein. When such a projection as this 
is found it is usual to explore it to find out its extent. But nyany 
very large masses of copper carry no horns, and are consequently 
smooth on their surface and give no indication of their presence, so 
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that systematic methods must be used. The usual method of min- 
ing in mass veins is to run a drift on the hanging wall of the vein 
from ten to twenty feet or more in length, and then take out the 
whole of the vein matter, the roek of which is sorted ; but the larger 
part goes to the stamps to be crushed and concentrated. 

This work is much more difficult than it would at first sight appear, 
on account of the fact that the surface of a mass is oflen not only 
very uneven, but is fpcquently attached to the rock by strings which 
vary in size, and are often larger than the arm. The masses vary 
greatly in thickness also, jjnd sometimes appear to be a large number 
of^ masses joined together by sheets or strings, which are often so thin 
as to be easily cut through by a blow of the pick. The vein must 
be systematically explored by endeavoring to drill across it, at very 
short intervals above and below, for ten or twenty feet or more, stop- 
ping when copper is reached, until the drill, going deep into the vein 
matter, shows that an edge of the mass, or a thin spot in it, has been 
reached. This hole is blasted. If the mass is not very large or 
thick, although the copper is not thrown down, a crack is made. 
This crack is then tamped tight, filled with powder and fired. This 
is repeated until an opening large enough to introduce five to ten 
kegs of powder is made. 

This method is, however, applicable only to small masses much 
mixed with rock. When the copper is thick it will not an- 
swer, and it is necessary, then, to drill behind and blast so as to 
crush the rock and make a place for the powder. In drilling 
these holes for blasting out the vein matter, if the drill strikes cop- 
per before the hole is deep enough to blast, another hole is drilled 
a few feet further on. If this strikes copper, holes 1 J" in diam- 
eter are drilled on all sides to the number of twenty or more, the 
whole length of the vein as it stands. This locates the mass. The 
miners then go back to the place where the vein was last blasted 
out, and with drills, 2|" to 2f " in diameter, and from 4' to V 
long, try to get behind the mass. These holes are filled f full of 
powder, tamped with fine stuff, rammed as tight as possible, and 
then fired. If this does not throw the rock, it is certain that there 
is a mass more or less large to be dealt with. Very oflen the holes 
which have been fired, although they do not throw down the copper, 
crush the rock behind it, so that with sharp-pointed bars an opening 
sufficient to introduce one or two kegs of powder can be made. If 
this does not throw the copper down, it is left in place until stoping 
uncovers more of it^and the drift is pushed forward. When ready, 
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a stope four feet six inches high is carried on the hanging wall and 
the rock levelled. The vein stuff so removed is sent to the " mills" 
to be carried to the stamps. 

When the masses are very large these methods are not applicable. 
The face of the mass is then disengaged as before, and a small drift 
is run on the foot-wall so as to disengage a certain portion of the 
back. This tunnel is not carried to the full extent of the length of 
the mass. This exploration having been finished, the depth of the 
copper in the middle will be known, and its weight can be approxi- 
mately told and the charge of powder determined. In making this 
tunnel the copper is followed where the mass is thick enough, but 
where it thins out some rock is left as a security against blowing out 
at that point. Exactly how this work is to be done must be deter- 
mined in each individual case. If the mass is of moderate size, 
and the hanging rock is strong and requires no timbering, the whole 
mass may be uncovered and blown down at one time. If, however, 
the mass is a very large one, and the hanging wall requires support, it 
may not be expedient*to remove more than a small fraction at once. 
In such conditions it requires a great deal of judgment to deter- 
mine what is to be done. When the drift is ready, it is charged 
with powder and its mouth closed with sand or sand-bags, tamped 
tight with sand and clay, and fired. The amount of powder used 
will depend not so much on the size and apparent strength of the 
mass as on the conditions under which it is found, and on the nature 
of the rock. It will generally be from five to twenty-five kegs. As 
the firing of such a quantity of powder will render the air thick for 
some time, no matter how good the ventilation may be, this work is 
done usually On Saturday evening when the last shift comes up. By 
Monday morning the air will be good again. A seventy ton mass 
in the Phoenix Mine was thrown down with twelve kegs in August, 
1876 ; but there can be no general rule laid down. It is a serious 
matter to determine the amount, for if the powder is not in sufficient 
quantity to throw the rock, it may do serious damage. Captain Par- 
nell cited to me an instance in the National Mine where five kegs of 
powder were used on the fourth level, two hundred feet from the 
shaft, which, when exploded, proved insufficient to detach the mass, 
but threw over the men in a drift one hundred and fifty feet distant, 
bruising them badly, and threw off the boards of the shaft-house at 
the surface. Powder is always used ; other explosives, though more 
powerful, are not in favor, and therefore do not succeed so well. 

The powder will either disengage the mass entirely, or loosen it so 
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tliat the rock at the edges may be disengaged by picks or bars. When 
free the mass falls into the position which has been aasigned to it. 
Sometimes an excavation has to be made into which the mass may 
fall, so that there may be perfect ease and freedom of movement in 
cutting it up. This is, however, not generally done until it has been 
blown down and every means has been resorted to to reduce the 
mass to small pieces without it. Often the sand-blast has shaken 
the mass and the rock attached to it so much, that by block-holing 
and cutting off small pie(»es here and there, the size is reduced at 
very small expense, so that the cutters can work without having any 
room prepared. Sometimes a second sand-blast is put in before going 
to the expense of blasting for room, but when the mass is solid, the 
rock around it must be blasted out until the men can swing their 
hammers easily. When this place has been prepared the mass is 
raised by jack-screws and propj)ed up with billets of wood, so as to 
be in a convenient position to be cleaned from rock with picks, as 
far as practicable, in order to be cut up. When sufficiently clean, it 
is delivered to the cutters, a party of three men, two striking and 
one holding the chisel, which is sharpened both ways in the direction 
of its width, which is generally half an inch ; its thickness is gener- 
ally one and a half inches. 

The bit is fifteen-si xeenths of an inch wide, and is bevelled both 
ways. As the chisel has to be turned when a chip is taken out, it 
is necessary to use great care in getting the corners of the bit of 
equal distance from the centre of the chisel, so that it will always 
cut the same distance from the centre of the cut, and keep it per- 
fectly straight. If the chisel was made like an ordinary chisel the 
difficulty of getting the two corners of exactly the same temper 
would be very greatly increased, as would also the difficulty of cut- 
ting. These chisels vary from one to six feet in length, depending 
on the thickness of the mass. Six feet is an unusual length, but was 
used on a six hundred ton mass found in the Phoenix mine in 1869. 
The usual length is not over five feet; the general rule is to make 
the chisels 18" longer than the thickness through which they are to 
cut. The sledges which are; used weigh seven pounds and the handles 
one and a half pounds ; the total weight is thus eight and a half 
pounds. The handle is 2 feet 6 inches long ; the head is generally 
5J inches long and 2J thick, it rounds from the centre of the head 
to the face, which is one inch square ; the helve opening is 2 by J 
inches. The hammers were formerly very much heavier, the head 
weigliing as much as ten and twelve pounds, but it was found that not 
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as much work could be done with the heavy as with the lighter one, 
A hammer of the same weight is ased for drilling the rock as for 
cutting the copper. The mass is first lined off so as to be cut up into 
pieces of a convenient size for handling in the mine. The size of 
these masses is regulated by the smelters, who require that they shall 
be of such dimensions as to be easily charged in their furnaces. 
Pieces as heavy as fourteen tons, cut from the six hundred ton mass, 
have been sent from the Phoenix Mine, but that is unusually large. 
If, however, by cutting off a few pieces a mass of eight or ten tons 
is left, it is sent to the smelting works. This saves a large amount 
of cutting. Generally, however, the pieces sent from the mines will 
weigh between two and eight tons. As the pieces are cut off they 
are moved with winches and tackles to the *' mills," and let down to 
the levels to be removed to the surface. Very large pieces are hoisted 
through the shaft with a heavy rope kept for this purpose. At the 
Phoenix Mine it is of hemp, 5" in diameter. 

When the parts to be cut off are determined, the workmen commence 
with a short chisel, its length depending upon the thickness of the mass 
at that particular point, and cut out a band of copper the width of the 
chisel, and about one-eighth of an inch thick through the whole thick- 
ness of the mass. The cut is to go through and across the mass in a 
perfectly straight line. After the cut is about six inches in length it will 
generally be so deep that it will be impossible to see below it, and for 
this reason the mass is always raised and a candle placed just at the 
bottom of the slit, so that the workmen may see what they are doing. 
The time that will be taken in cutting up such a mass will depend 
upon its thickness. The work is exceedingly difficult, and is a severe 
strain upon th^ endurance of the men. To avoid the shock and to pro- 
tect his hands the holder usually wears a heavy mitten. It does not 
require so much strength as skill to keep the chisel constantly at the 
angle w^hich will cut the copper. This angle is learned by experience, 
and although it is always the same, a green hand will often fail to 
cause his chisel to cut, or make it cut out. The men work their full 
shift, but it is generally conceded that the holder, although he must be 
very skilful, has the easiest work. The holder takes good care to see 
that when they are near the end of a chip a block of wood is placed 
under the cut, so that the head of the chisel, when it cuts through, shall 
not fall upon his hand, or the point of the chisel be dulled by striking 
a hard substance. Not infrequently two or more parties work on the 
same mass ; they usually w^ork eight hour shifts. In cutting up the 
five hundred ton mass at the Minnesota mine, there were as many as 
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nine parties cutting each shift, or eighty-one men in twenty-four 
hours. Such a number could only work at first, for as the outer outs 
were finished the parties had to be removed, but a large force can 
always be kept employed on a very large mass until it is entirely cut 
up. The quantity that three men can cut in a day will generally be 
about three-quarters of a foot, which, supposing the mass to be one 
foot thick, would bring the cut back nine inches. The contracts are 
let by the foot. When the miners' wages are about $50, the contracts 
are let at $12 per foot, the miners furnishing their own lights. Skilled 
men will make about $2.50 per day at that price. The responsible 
man in the work is the holder ; the amount of work done in a day 
depends almost entirely upon him. A good chisel-holder is an 
expert, and consequently a difficult man to get; under him the 
strikers work hard, but accomplish a great deal. A poor holder will 
make the strikers work quite as hard, but they will make very 
little progress in the cutting. A good holder, while he keeps the 
strikers in constant activity, will carry no more on his chisel than 
they can keep constantly driving. He will keep his cut perfectly 
straight from the top to the bottom, so that there will be no shoulder- 
ing on the side, or digs into the mass. A poor holder will have too 
light a chip, in which case the chisel will be out before it is halfway 
through the cut, or too heavy a one, in which case the work of the 
strikers is greatly increased without its efficiency lieing as great as 
with the proper depth of chip. It v/as formerly the practice to make 
the chip of equal thickness; they are now made feather-edged or 
wedge-sliai>ed. This is much easier on the strikers, requiring much 
lighter blows, and is much more effective. A good holder will take 
a chip out of both sides of the cut, and then run his chisel through 
the centre and take out the ridge in the middle. The cut is in this 
way made a little larger than the chisel, and if, by accident, he should 
cut out, he can take it up where he left off, whereas, by the old 
method, he would have to go back to the beginning. 

The time which is required to disengage and cut up a large mass 
is so great that it usually costs as much, or more, to get it out of the 
mine as it would to stamp the same weight of copper from a low- 
grade rock. The five hundred ton mass of the old Minnesota Mine 
required eighteen mcmths' constant work before it was all removed 
from the mine. An ordinary mass of fifty to sixty tons will require 
the labor of three men, working at it continuously, for from three to 
four months, before it is ready to come to the surface. Once ex- 
tracted, the mass is still not in condition to go to the smelting works, 
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as it is associated with a large quantity of rock, which is chiefly cal- 
cite. In order to get rid of as much of this as possible, the pieces 
are placed together in kilns, and fired with wood so as to heat the 
copper to quite a high heat, and are then extinguished with water. 
In this way the rock becomes very friable, and is picked oif with 
picks and tools made for the purpose. It is for the interest of the 
proprietors to clean the copper as much as possible, since all that is 
sent to the smelting works is weighed as copper, and is paid for as 
such. 

The pick which is used is the ordinary miner's pick, which is made 
with a pall or head on one side, to be used in driving gads or 
wedges. From the point to the eye it is 11 inches. The eye is 2 J 
by I inches; the head is 3 inches long and IJ square on its face. 
The pick weighs 4J pounds. The handle is 2 feet 6 inches long and 
IJ inches at the end, and weighs 1 J pounds. 



CONGLOMERATE AND AMYGDALOID MINING. 

The system of mining differs from the foregoing but little except in 
the first layout of the mine. In the conglomerate and amygdaloid 
mines shafts are sunk in the copper-bearing rock, the number depend- 
ing on the size of the mine. The Calumet has eight, the Allouez and 
the Osceola three each. The distances between them vary from three 
hundred to eight hundred or nine hundred feet. Heavy walls should 
always be left on the sides of this shaft, but it has not always been 
done, and the want of them will always be a source of increasing ex- 
pense to the companies who have made the mistake. Levels are then 
laid off from the shaft, generally ninety, but sometimes one hundred 
feet apart, which connect the shafts. Generally, the levels are twelve 
feet by twelve feet, but their height depends on their finding an easy 
and secure separation to form the roof. Sometimes the thickness and 
richness of the bed are sufficient to allow of the whole of it being 
worked at once, as in the Calumet & Hecla. At others, only part of 
the bed is worked, as at the Allouez, where the bed is twenty-six feet 
thick, but only twelve feet of it is worked. To facilitate the driving 
of levels winzes are sunk between the shafts. In the fissure veins 
the shafts, sometimes vertical, sometimes inclined, are not generally 
sunk on the vein, and the levels and stopes are made usually in the 
hanging wall. The shafts are usually twelve feet wide by six feet 
high, and are divided into two parts by a 2" plank partition. One 
of these serves for the extraction of the ore, and the other for the 
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passage of the pump and the men. The levels are always run so as 
to convey the water to a single sump at the foot of one of the shafts. 
The mines are not, however, very wet. For those of ordinary size, 
a small pump, working only part of a day, will keep the mine dry 
when the ground has not been affected by caves which let in the sur- 
face water. 

The method of mining is overhead-stoping, which is done by hand 
or compressed-air drills, according to the situation of the place to be 
worked. As soon as the mine is opened the rock is extracted at once, 
commencing from the shafts and winzes, working both sides of them. 
If the rock next the shaft does not contain copper it is left, but other- 
wise it is taken out. The roof must be then supported by timbers. 
No attempt is usually made to fill up the space left by what is taken 
out of the mine, unless the material to do it with is close at hand. 
In the bed called the " Ashbed," at the Copper Falls Miie, immense 
chambers, seventy-five feet square, have been left without any sup- 
port of any kind. The roof is very firm and has stood for many 
years, but there is no excuse for such methods, for eventually the 
roof must yield. The result in the Minnesota Mine is, that if the 
mine were pumped out there is little probability that it could be 
worked. If pillars had been left, the mine would probably have 
still been capable of being put in working order. The result of the 
system is that that mine now can only be worked on a very small 
scale. There must come a time when the wooden props will crush, 
and then the future of the mine will be compromised, even supposing 
that the shaft or level is kept in order. If a timber be replaced, it 
must be every time shorter, as the roof descends the sur&ce-water is 
let in, and constant expense of repairs necessary, as witness some of the 
first levels of the Calumet & Hecla. Aftier a certain time the open- 
ing will be either too low to work in, or the roof must be taken out, 
a hazardous and expensive operation in yielding ground. If the 
proper pillars had been left, the workings would have remained good 
for years. 

Each company is obliged to own woodland and to select the best 
of their wood for supports, or, as is the case of the Calumet, go long 
distances, and raft their wood. The method is otherwise bad, as when 
the ground b^ins to crack, the superficial waters must come in. The 
present inconvenience is not great, as the roofe are generally very 
solid, but on account of the use of this method, any attempt made 
to work on a large scale the Minnesota Mine, which has lain idle a. 
number of years, would to-day probably prove a failure. 

2 
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In looking at the vast chambers in many of the mines with- 
out any support of any kind, one has an involuntary feeling of 
dread lest the roof should cave. The solidity of the ground is re- 
markable, but it must one day give way. The immense amount of 
rock which has been thrown on the burrows, suggests the advisability 
* of filling the old workings of the mine with it, and this has sometimes 
been done in a very limited way. If it had been adopted as a policy 
at the commencement of mining operations, much would have been 
saved by it. Generally, the roof is so solid in the conglomerate, 
that no support of any kind is needed in the ordinary stopes, but oc- 
casionally the hanging-wall is insecure from slips, which have made 
the rock friable, with large cleavage planes ; the roof must then be 
supported. This is done with heavy timbers, which in the Calumet 
& Hecla mines are sometimes two to three feet in diameter and are 
placed almost in contact. 

The stopes always have conmiunication with the levels below. 
To make this, heavy timbers are footed into the foot-wall, and 
dropped against the hanging-wall, at an angle of about 45° from 
the plane of the level. In the Phoenix Mine they are placed six 
feet from centre to centre. Every ninth timber is placed a little fur- 
ther apart, and the space between laid out as a " mill," which is car- 
ried up with the stope, so that every stope has one or more mills. 
These mills are 7 feet by 5 feet. 

The drills which are used for soft rock are made of one-inch oc- 
tagon steel, the bit of which is forged to IJ inches. In the con- 
glomerate the bit is forged to only 1 J inches. One man holds while 
two strike. A one-man drill is rarely used, except in block-holing, 
or in preparing the places for the heavy timbers to support the walls. 

Cartridges are not used, though they would save much time, and 
•allow of much more work being done. The use of fuses is universal. 
Three men will easily make three holes of 2 feet to 2 feet 6 inches 
in a shift of eight hours in moderately hard rock. In conglomerate 
they cannot do anything like as much. Wherever it is possible, 
compressed-air drills, generally of the Burleigh or Winchester pat- 
terns, are made use of, but a large amount of hand-work has always 
to be done. Powder is used exclusively in blasting. The miners 
do not like dynamite, nor any of the modern explosives, as they say 
the air afl:er a shot gives them a headache. The shots are fired, as 
much as possible, at the end of a shift, so as to give the air time to 
vclear before the other shift comes on. 

The pick which is used is the same as the one described as being 
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used in the mass mines. It has on one side the pick, and on the other 
the head or pall, which is tempered to drive a "gad," or steel wedge. 
It is also also used to sound the rock and ascertain its solidity. 

The number of men and their wages, employed at the Central, a 
mass mine, is given below : 



/ 


1875. 


1877. 




1875. 


1877. 


Miners, . 


. 168 


196 


Wages per month, 


$52.66 


$49.80 


Surface men, 


. 89 


85 


It . u 


43.14 


40.43 


Stamp men, 


. 16 


12 


tC i( 


44.67 


47.02 



There were in the Allouez Mine, in July, 1876, 282 men in 24 
hours. They worked 10 hours to a shift; from 7 A.M. to 6 p.m., a 
day-shift, and from 7 p.m. to 6 a.m., a night shift. There were 122 
men stoping, 42 drifting, 18 sinking. 

There were three rock -drilling machines, with six men on each, 
making for the machines eighteen men ; thirty trammers, who wheel 
the rock ; twelve block-holers, who split or fire the rock ; eight 
landers and bell-ringers ; four timbermen and helpers ; sixteen la- 
borers, and three mining captains. 

The average number of men in the mine throughout the year was 
318 per month. The average wages of the men, including mining 
captains, was $47.10. These costs include the cost of hoisting and 
pumping. The total cost of these men and the number of days' 
work done, in the Allouez Mine, for July and August, 1876, by each 
class of men, is given in the table below : 

Number op Men Employed by the Allouez Mining Co. in the Months op 

July, 1876, and August, 1876. 



Miners on Contract, . . 
Mining Captains, . . . 

Miners, 

Machinists and Helpers, . 

Carpenters, 

Timbermen, 

Laborers and Teamsters, . 

Firemen, 

Blacksmiths and Helpers, 
Framers of Skips, . . . 
Landers and Belijingers, 

Engineers, 

Foremen, 

Surface Captains, . . . 

Watchmen, 

Masons, 

Brakemen, 

Trackmen, 

Agents and Clerks, . . . 
Head Runners, .... 
Stamp Feeders, .... 
Dressers, 



Total, 
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The following table gives the cost of wages per ton of rock hoisted, 
and per ton of rock milled, at this mine, for July and August, 1876. 

Miners' Wages at the Allouez Mikes. 

JlTLY, 1876. 



Mining Captains, . . . 

Miners, 

Machinists and Helpers, . 

Carpenters, 

Timbermen, 

Laborers, 

Firemen, 

Blacksmith and Helpers, . 
Framing Ski 
Supplies Usi 



:ip8, 
ed, 



Total, 



Number of Days' Work 
PER TON OF Bock. 



Cost per ton of Rock. 



Hoisted. 

0.0115 
0.0780 
0.0115 
0.0078 
0.0078 
0.0491 
0.0038 
0.0154 
0.1387 



0.3241 



Milled. 

0.0159 
0.1080 
0.0159 
0.0108 
0.0108 
0.0680 
0.0053 
0.0213 
0.1920 



0.4484 



Hoisted. 

$0.0500 
0.1163 
0.0246 
0.0175 
0.0171 
0.0650 
0.0057 
0.0367 
0.1909 
0.1378 



$0.6608 



Milled. 

$0.0691 
0.1596 
0.0343 
0.0243 
0.0237 
0.0900 
0.0078 
0.0507 
0.2643 
0.1907 



$0.9145 



August, 1876. 



Mining Captains, . . . 

Miners, 

Machinists and Helpers, . 

Carpenters, 

Timbermen, 

Laborers, 

Firemen, 

Blacksmith and Helpers, . 
Framing Skips, .... 
Supplies Used, .... 

Total, 



Number of Days' Work 
PER TON OF Rock. 



Hoisted. 

0.0111 
0.0594 
0.0139 
0.0037 
0.0074 
0.0788 
0.0046 
0.0157 
0.1318 



0.3267 



Milled. 
0.0151 
0.0811 
0.0190 
0.0050 
0.0101 
0.1075 
0.0063 
0.0214 
0.1798 



Cost per ton of Rock. 



Hoisted. 

$0.0481 
0.0888 
0.0276 
0.0058 
0.0165 
0.1038 
0.0069 
0.0386 
0.1835 
0.1482 



0.4453 



$0.6679 



Milled. 

$0.0656 
0.1212 
0.0376 
0.0079 
0.0225 
0.1416 
0.0094 
0.0527 
0.2504 
0.2022 



$0.9114 



The cost of work in the Allouez Mine in August, 1876, per foot, was : 

Drifting in 1876 and 1876, averaged, $19.00 



Drifting in conglomerate, with no foot, . 
Drifting in conglomerate, with a foot, . 
Drifting on hanging-wall would cost about, 
Drifting in winzes,* .... 
Drifting in No. 2 shaft, .... 
Stoping from No. 2 shaft, per fathom, . 
Sinking No. 8 shaft, .... 
Sinking in 7th level, .... 
Sinking in 6th level, .... 
Sinking No. 1 shaft, in broken ground, 
Sinking No. 2 shaft, for top, . 
Sinking No. 2 shaft, for middle, 
Sinking No. 2 shaft for bottom, '. 

Average, for sinking shafts, 



86.00 

$18.00 to 20.00 

6.00 

17.00 to 23.00 
87.00 

20.00 to 23.00 
50.00 
26.00 
20.00 
82.00 
80.00 
84.00 
86.00 / 
83.80 



* If the winze had no foot it woa 



d not be sunk. 
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The cost of mining at the Central is given below : 

1876. J877. 

$82.88 $38.60 



Sinking in shafts and winzes, 
Drifting on the vein, 
Drifting on the conglomerate, 
Stoping on the vein, per cubic fathom, 
Stoping on the conglomerate. 



12.07 
18.81 
19 40 
82.45 



11.58 
18.47 . 
20.73 
21.70 



The following table gives the cost of mining at several different 



mmes : 



COST OF MINING. 






Atlantic. Atlantic. 


Nonsuch. 


Quincj 


1876. 1877. 


1876. 


1877. 


. $17 23 $16.24 




$17.29 


. 12.68 11 83 


$7 00 


11.22 


. 80.00 36.00 


12.00 


13.44 



Stoping, per cuhic fathom. 
Drifting, per foot, . 
Sinking, per foot. 

The average number of contracts at the Allouez was 218, and the 
average wages of the contractors was $47.85. The following table 
gives the cost of mining, per ton of rock hoisted, and per ton of 
rock milled, at this mine, for July and August, 1876. 

Cost of Mining at the Allouez Mine. 

July, 1876. 



Distance. 


Price per foot 
or fathom. 


Number of 
Men. 


Cost per tOD, 
Hoisted. 


Cost per ton, 
Mill.d. 


Sinking Shaft, 

" Winzes, 48.5 feet, . . 

Drifting, 62.3 feet, ..... 

Stoping, 371.96 fathomH, . . 

Cutting Plats, Casing and Di- 1 
yidinff Shaft, and Blasting >- 
outside of level, .... J 

Cutting Fork, 

Miners' Wages and Supplies, . 


$13.75 
19.35 
18.54 

• 


12 

24 

121 

18 


$0.1082 
0.1776 
0.9845 

0.1084 
0.6608 


$0.1495 
0.2458 
1.3626 

0.1501 
0.9145 


Total Mining Cost, .... 






$2.0395 


$2.8227 


Powder, Fuse, Candles, Steel, etc., included in items 
above, 


$0.3044 


$0.4213 




August, 1876. 


DiSTANCS. 


Price per foot 
or fathom. 


Nainber of 
Men. 


Cost per toD, 
Hoisted. 


Cost per ton, 
Mill.Hi. 


Sinking Shaft, 5 feet, .... 
" Winzes, 21 feet, . . . 

Drifting, 131.2 feet, 

Stoping, 369.63 fathoms, . . . 

Cutting Plats, Casing and Di- 1 
Tiding Shaft, and Blasting - 
outside of level, .... J 

Cutting Fork, 11 feet, .... 

Miners* Wages and Supplies, . 


$30.00 
17.00 
19.74 
18.96 

20.00 


3 

6 

42 

129 

3 


$0.0206 
0.0532 
0.3136 
0.9715 

0.0302 
0.6679 


$0.0281 
0.0726 
0.4279 
1.3257 

0X412 
0.9114 


Total Mining Cost, .... 






$2.0571 


$2.8070 


Powder, Fuse, Candles, Steel, etc., included in items 
above, 


$0.3343 


I SQA&l^<L 







\ 
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The lighting of the mines is done exclusively by candles, which 
are surrounded by a lump of clay, and attached to the hat while 
walking, or to the wall when at work ; they weigh about 1.5 ounces 
each. Four or five are burned during a shift. They are never 
burned out entirely. The ends are carefully saved, and in some 
mines are used to fire the fuses. The use of candles is universal. It 
would seem as though there would be an advantage in using oil, so 
far as the cost of lighting is concerned, but the habit of using them,' 
and tlie convenience of attaching the candle anywhere with the lumps 
of clay, overcomes any advantage of economy which the oil might 
have. 

The entry to the mines is usually by ladders, which are placed on 
the foot- wall. These ladders are made with wooden sides and wooden 
or iron rounds. Those with wooden rounds are made by contract 
at $0.06 per running foot. They are much easier to use than those 
with iron rounds, which, however, last much longer. As the incline 
of these ladders is about that of an ordinary stairs, they are not in- 
frequently provided with a handrail, and used as stairs or ladder 
by the men as each one fancies. This has led in some of the mines, 
as in the Phoenix and Nonsuch, to the use of stairs, which are made 
of pieces of plank, fastened securely to the foot-wall with pieces of 
wood nailed on in such a way as to make a step eight inches wide, 
with a rise of ten inches. The wood for making the riser is only four 
inches wide, so that the beam shows under it. Such steps cost $0.10 
per running foot, and are very easy to walk on. They last more than 
three times as long as the ladders, without repairs, which, when nec- 
essary are less expensive, and more quickly made, than those to the 
ladders, and, as the main beam does not have to be removed, can be 
very rapidly made. At the Phoenix, and formerly at the Central 
mines, the men are let into and taken out of the mine on a large step- 
car, thus saving the men, when the shifts are long, a great deal of 
time and &tigue. The Calumet & Hecla and the Central have man- 
engines; the one in the Calumet does not reach to the bottom of the 
mine, but goes only part of the way. 

The rock is picked as much as possible in the mines, for which 
reason the very large pieces in the conglomerate mines are always 
block-holed and blasted in the mine until they are sufficiently small 
to be .transported in the skip. The poor rock is left in the mine 
and is thrown against the stulls. The difficulty of selection in the 
mine, however, is such, that most of the rock is carried to the sur- 
fece. 
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The first selection in the amygdaloid is made in the shaft-house. 
The rock is piled on a wagon and carried to the shaft ; the skip is 
let down, so that the sides reach below the bottom of the rail ; the 
rock is dumped into it and the signal given for hoisting by the sig- 
nal-man who stands at the foot of the shaft. Another signal-man 
is stationed at the top of the shaft to give notice of the approach of 
the skip. This position requires a man of activity and intelligence, 
as any failure on his part to give the signal would cause the skip to go 
to the top, where it would be caught by the turn of the rails and the 
cable pulled in two. This accident happened twice in the course of 
ten days in one of the mines, breaking the iron rope and letting the 
skip down a distance of seven hundred feet, from which it came up 
with but few bruises, the greatest being the breaking of the cast-iron 
boss by which the axles are attached to the sides. The wood-work of 
the shaft was very much damaged, but fortunately no lives were lost. 

The skips are made of half-inch rolled iron, riveted at the corners 
to angle-irons four inches wide by half an inch thick. Fig. 1 gives the 
details of the skip at the Atlantic Mine. The bottom is seventy-two 
inches long. It is thirty-six inches high and forty-two inches wide. 
The top is bevelled to the angle of the inclination of the shaft, so that 
it is only forty-eight inches long. The back is reinforced by three 
strips, one inch thick, the whole height of tlie skip, which are three 
inches apart. The middle one is six inches wide, and the side ones 
are five inches. 

The wheels are thirty-six inches apart, the hind ones being placed 
as near the back as possible. The wheels are twelve inches in diam- 
eter, the hind ones having a tread of five inches, while the front ones 
have one of only three inches, so that when it rises to the top it will 
fall through the tramway and let out the ore, while the hind ones are 
caught in curves of the rails. The axles are made of steel, two inches 
in diameter and five inches long, and are fastened in cast-iron bosses 
(Fig. 2), two inches thick and ten inches in diameter, which are riveted 
to the sides. 

The skip is hoisted by a movable bail strap, c, four inches wide, 
and seven-eighths of an inch thick, which rotates on a pin, d (Fig. 
3), which passes through the side of the skip, a, and through the 
fixed bail-strap, b. The movable bail thus rotates between a and b. 
The bail-strap is fifty-seven inches long from its point of rotation to 
where it is attached to the bail. The bail, e (Fig. 1), is forty-five 
inches long, four inches wide, and two inches thick, and is slightly 
wider in the middle, where the hole for the attachment of the rope 
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IS made. It is attached to the bail by projections two and one-half 
inches in diameter, which pass through holes in the ends of the bail- 
strap. 

When the skip is to stop at any level, a rest is prepared for it, 
which is removed when it is to pass below. A place is always cut out 
of the hanging rock for the miners to pass around the shaft. The 
shaft at this point is a frequent source of accident, from men walking 
into it, especially at those levels which are little used, and where a 
signal-man is seldom stationed. They are frequently so stunned by 
the fall that they become bewildered, and the skip passing up or down 
strikes and kills them. 

The cables which are used for extraction are of iron or steel wire, 
and are wound around a drum of considerable size. Each level is 
marked on the rope, or on a tell-tale, where the engineer can see it. 
The velocity of the skip is regulated by a strap-brake, passing around 
the revolving drum. It is attached to a long lever of wood on which 
a man sits, bearing more or less of his weight, according as the ve- 
locity is to be greater or less. The skill with which they can regulate 
it is remarkable. In some mines, especially those with vertical shafts, 
the skip is allowed to fall with its natural velocity, but is stopped 
without much jar in a few seconds at the bottom. The cables are 
greased with coal-tar. As this substance is always acid from the pro- 
cess of refining the petroleum, this greasing often does more harm 
than good, as it corrodes the strands and weakens the rope. It would 
be very easy to saturate the acid, by adding lime and boiling before 
using, as is done in Pennsylvania, but it is not generally done. 

Tlie expenses of hoisting, per ton of rock hoisted and milled at the 
AUouez Mine, for two months of 1876, are given in the tables below : 



HoiSTiNO Expenses at the Allouez Mine. 

July, 1876. 



Landers and Bellringers, 

Engineers, 

Laborers, 

Machinist, 

Fireman, 

Blacksmith and Helper, 
Repairing Boilers, . . 
Supplies Used, . . . 

Total, 



NuMBBB OF Days' Work 
PER TON Rock. 



Hoisted. 

0.0308 
0.0154 

0.0029 
0.0078 
0.0057 



0.0626 



Milled. 

0.0426 
0.0213 

0.0040 
0.0108 
0.0079 



0.0866 



Cost pkr ton of Rock. 



Hoisted. 

10.0450 
0.0308 

0.0067 
0.0123 
0.0102 

0.1048 



$0.2098 



Milled. 

10.0623 
0.0426 

0.0094 
0.0170 
0.0141 

0.1450 
$0.2904 
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August, 1876. 



Landers and Bellringere, 

Engineers, 

Laborers, 

Machinist, 

Fireman, 

Blacksmith and Helper, 
Repairing Boilers, . . 
Supplies Used, . . . 

Total, 



Number of Days' Work 
PER TON Rock. 


Cost per ton op Rock. 


Hoisted. 


Milled. 


Hoisted. 


Milled. 


0.0297 


0.0405 


10.0440 


10.0600 


0.0157 


0.0214 


0.0311 


0.0424 


0.0019 


0.0026 


0.0029 


0.0040 


0.0028 


0.0038 


0.0065 


0.0089 


0.0074 


0.0101 


0.0125 


0.0171 


0.0055 


0.0075 


0.0104 


0.0142 






0.0201 


0.0274 






0.1096 


0.1496 


0.0630 


0.0859 


10.2371 


10.3235 



The number of tons of rock hoisted was : 

July. 
7006 tons. 
5062 " 



Total rock hoisted, 
Rock sent to stamps, 



t 



Poor rock sent to burrows, 
Per cent, stamped, . 



<( 



1944 
72.25 



August. 

7273 tons. 

5830 " 

1943 " 

73.28 



The total number of tons hoisted from July 1st, 1875, to July 1st, 
1876, was 82,410. The number of tons of rock milled was 51,135, 
or 62.5 per cent, of the rock hoisted. 

The front wheels of the skip as it arrives at the top of the tram- 
way of the shaft, fall between the rails, and the contents are dumped 
on to a grating made of rails. The fine ore, of which there is very little 
in the conglomerate mines, falls through, while the large pieces slide 
into the rock-house. Here all the large pieces are broken with 
sledges, and the poor carried to the burrows, while those sufficiently 
rich to be treated are carried to the rock-house. The breaking up of 
the large pieces of conglomerate is a laborious operation when done 
by hand. To avoid this the rock is sometimes broken by a steam- 
hammer, as at the Calumet & Hecla. Some mines have a shaft-house 
for each shaft, which is a bad plan. Others have one for all the shafts; 
others, still, do no sorting in the shaft-house, but carry all the ore to 
the rock-house. The rock-house is usually several hundred feet 
away fi-om the shaft-house, and is connected with it by a trestle-way, 
and is often at a lower level than the shafl^house. The car carrying the 
ore is moved automatically by a wire cable ; when it arrives at the 
rock-house it dumps itself, in the same way as the mine-skip, over a 
grating, and returns to the shaft-house. The ore fine enough to be 
stamped is discharged at once into pockets. The large pieces are 
brought to a large-size Blake's crusher, which, at the Atlantic Mill, 
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is sixteen inches by twenty-four inches ; the medium ore goes to one 
fifteen inches by nine inches. The large crusher discharges imme- 
diately into the one of smaller size. At the Atlantic Mill, one large 
and two small crushers break from three hundred and twenty to three 
hundred and fifty tons of ore per day. On conglomerate rock they 
would break about half as much. No attempt is made to screen the 
ore as it comes from the crushers. It is all discharged into bins to 
go to the stamps. It should be screened, and the material fine enough 
to pass the stamp-screens separated, so as to allow the stamp to work 
only on ore needing crushing, for it has been found by experiment in 
California, and also on Lake Superior, with the Ball stamps, that 
it takes just as long to discharge the mortar filled with crushed 
rock as it does to crush the rock and discharge it. 

The Number of Men and Total Cost op Assorting and Selecting at 
^ THE Allouez Mine was, in 



July, 1876. 



August, 1876. 



Machinist, . 
Blacksmith, 
Fireman, . 
Foreman, . 
Laborers, . 
Total, . . 



No. of Mod. 



i 
1 

3 

39^ 



44^ 



Cost. 



$24 99 

36 38 

41 34 

195 00 

1365 69 



$1663 40 



No. of Men. 



li 
1 

3 

42i 



48 



Cost. 



$26 25 

50 19 

42 67 

195 00 

1457 48 



$1771 49 



The average monthly force during 1 875 was 48 men. 
The expenses of sorting and selecting the ore for July and Au- 
gust, 1876, are given in the tables below: 



Assorting and Selecting Expenses at the Allouez Mine, 

July, 1876. 




MachiniBt, 

Blacksmith, .... 
Laborers Selecting Bock, 

Fireman, 

Foreman, 

Supplies Used, ... 

Total, 



Number op Bats' Wobk 
PER TON Bock. 


Cost per tow of Rock. 


Hoisted. 


Milled. 


Hoisted. 


Milled. 


0.0014 


0.0019 


10.0036 


$0.0051 


0.0034 


0.0047 


0.0052 


0.0072 


0.1512 


0.2093 


0.1949 


0.2698 


0.0039 


0.0054 


0.0059 


0.0080 


0.0116 


0.0160 


0.0278 


0.0385 






0.0537 


0.0743 


0.1715 


0.2373 


10.2911 


10.4029 
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August, 1876. 



Machinist, 

Blacksmith, .... 
Laborers Selecting Bock, 

Fireman, 

Foreman, 

Supplies Used, . . . 

Total, 



NuMBRR OF Days' Work 
PER TON Rock. 


Cost per ton op Rock. 


Hoisted. 


Milled. 


Hoisted. 


Milled. 


0.0014 


0.0019 


$0.0036 


$0.0049 


0.0042 


0.0057 


0.0069 


0.0094 


0.1576 


0.2151 


0.2004 


0.2735 


0.0037 


0.0050 


0.0059 


0.0081 


0.0111 


0.0151 


0.0268 


0.0366 






0.0515 


0.0703 


0.1780 


0.2428 


10.2951 


$0.4027 



Allouez, 


i 


Lllouez, 


Atlantic, 


assay. 




ingot. 


assay. 


96 per cent. 


90 


per cent. 


98 per cent. 


94 " 


80 


(( 


88 •» 


79 " 


60 


(( 


70 ♦* 


87 ** 


80 


(( 


86 " 


40 •* 


25 


IC 


80 " 



The percentage of ore sent to the mills is very variable, depend- 
ing on the richness of the mine. In 1876, the Quincy stamped 75 
per cent, of the rock hoisted, and the Allouez 62.5 per cent.* 

By dressing, the mineral is divided into five classes which vary 
somewhat from mine to mine. No. 1 is barrel-stuff, the other grades 
come from the washers. The value of these grades is expressed fa 
ajssay and ingot. . 

The Atlantic has very little barrel-stuff, and No. 1 from that mine 
is from the washers. 

No. 1, 
No. 2, 
No. 8, 
No. 4, 
No. 6, 

The impurity in Nos. 4 and 5 is mostly iron. 

Very little of Nos. 4 and 5 is produced. No. 4 is slimes col- 
lected from the washing, and No. 5 slimes from the tail-house ; they 
are very impure, containing mostly iron. All of these grades are 
smelted together. The mineral is not dried, but packed wet in bar- 
rels, and goes to the smelting works with the water in it, which is 
weighed and charged for as copper. The percentage of copper in 
the rock at the Atlantic in 1876 was 1.3 ; at the Allouez, 1.4. The 
average yield of the rock in ingot at the Atlantic was .99 per cent., 
and at the Allouez .87 per cent. The average yield of the mineral 
in 1877 was, at the Atlantic, 71.32 per cent ; at the Phoenix, 73.34, 
per cent., and at the Ridge, 77 per cent. The cost of stamping per 
ton, in 1877, was $0,578 at the Atlantic, and $0.83 at the Central. 
In 1875, at the Central, it was $0.87. 

The yield of the ore is determined by assay and the returns of 



* See p. 298. 
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ingot copper from the smelting works, and is expressed by so much 
" mineral," or dressed ore sent to the smelting works, and so much 
" ingot," or copper, returned from the smelting works. With the ex- 
ception of the Calumet & Hecla no attempt is made to determine the 
value of the ore by assay at the mine, but complete confidence is 
placed in the assays made at the smelting works. For a short time 
assayers were employed at both the Osceola and the AUouez mines, 
but the laboratories were abandoned after a very incomplete trial. 
Every mine, or at least two mines together, should have an assayer, 
not so much to control the smelting works, whose returns are rarely 
ever disputed, as to control their own dressing works, and to ascer- 
tain in what direction to look for economies and improvements. The 
only assay now made is the Cornish shovel-assay, which, at the best, 
gives but the most rudely approximate results, and can only be said 
to be better than nothing. The method of taking the assay-sample 
on the shovel allows the greater part of the fine ore to escape. It 
may be said that it is not possible to save this fine ore, which, by the 
present method, is very true ; but if the exact quantity lost was known, 
there would be great stimulus to eflForts to save it, and it would, at 
least, lead to improved methods or attempts to improve them. Ex- 
periments in this direction can be made at a very small expense. 

The mills must be placed where water can be had in abundance. 
This has led to two methods : one is to place the mill on the lake 
and pump the water, as is done in the Calumet & Hecla, Osceola, 
Quincy, Franklin, and Pewabic mines ; tlie other is to place the mill 
in a favorable position and bring the water to it in launders, which, 
in the Atlantic and Allouez mines, are two and one-half miles long. 
Sometimes, as in the case of the C^uincy, the Franklin, and the Pe- 
wabic mines, the mines and mills are together ; at others, they are at 
considerable distances apart, and are connected by a mine railroad, 
which, in the case of the Calumet & Hecla, is eight and one-half 
miles ; the Osceola, eight ; the Atlantic, three, and the Allouez, two 
and one-half miles long. 

The cost of transportation over these roads, and of keeping them 
in repair, is a considerable item. The details of the Allouez Mine 
for July, 1876, are given below : 

Railroad Expenses. 

13 Engineers, $60.00 

11 Firemen, 45.00 

13 Brakemen, 45.00 
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The following table gives the cost of the mine railroad per ton of 
rock hoisted and stamped at the Allouez Mine, for July and August, 
1876: 



Mine Railroad Expenses at the Alloitez Mine, 

July, 1876. 



Engineer, 

Brakeman, 

Fireman, 

Trackman, 

Supplies Used, 

Total, 



Number of Days' Work 
PKR ton Rock, 



Hoisted. 

0.0039 
0.0039 
0.0039 
0.0207 



0.0324 



Milled. 

0.0054 
0.0054 
0.0064 
0.0287 



0.0449 



Cost per ton of Rock. 



Hoisted. 

10.0089 
0.0059 
0.0070 
0.0262 
0.0213 



$0.0693 



Milled. 

$0.0123 
0.0082 
0.0097 
0.0363 
0.0295 



$0.0960 



August, 1876. 



Engineer, . . 
Brakeman, . . 
Fireman, . . 
Trackman, . . 
Supplies Used, 

Total, . . . 



Number of Days' Work 
PER TON Rock. 



Hoisted. 

0.0042 
0.0037 
0.0042 
0.0037 



0.0158 



Milled. 

0.0057 
0.0050 
0.0057 
0.0050 



0.0214 



Cost per ton of Rock. 



Hoisted. 

$0.0092 
0.0061 
0.0069 
0.0051 
0.0219 



$0.0492 



Milled. 

$0.0126 
0.0083 
0.0094 
0.0070 
0.0299 



$0.0671 



The cost of breaking and tramming at the Central, where the 
mine and mill are close together, was, in 1875, $0.15 per ton, and in 
1877, was $0.14. The following tables give the expenses of the 
stamp-mill of the Allouez Mine for July and August, 1876.* 



* See also the Metallurgical Review, vol. ii, p. 298. 
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Allouez Stamp Mill Expense — Labor and Supplies. 

July, 1876. 



Machinist, 

Engineers, 

Firemen, 

Head Runners, . . . 
Stamp Feeders, . . . 

Dressers, 

Cooper and Blacksmith, 
Watchman, .... 
Carpenters, .... 
Supplies Used, . . . 

Total, 



Number op Days' Work 
PBR TON Rock. 



Hoisted. 

0.0096 
0.0087 
0.0164 
0.0082 
0.0265 
0.0655 
0.0038 
0.0043 
0.0053 



0.1483 



Milled. 

0.0133 
0.0120 
0.0227 
0.0113 
0.0367 
0.0906 
0.0053 
0.0060 
0.0073 



0.2052 



Cost per ton of Rock. 



Hoisted. 
$0.0242 

0.01e56 

0.0273 
0.0101 
0.0383 
0.0783 
0.0091 
0.0073 
0.0088 
0.3624 



$0.5814 



Milled. 

$0.0335 
0.0217 
0.0379 
0.0140 
0.0530 
0.1082 
0.0125 
0.0101 
0.0122 
0.5016 



$0.8047 



Machinist, 

Engineers, 

Firemen, 

Head Runners, . . . 
Stamp Feeders, . . . 

Dressers, 

Cooper and Blacksmith, 
Watchman, .... 

Carpenters, 

Supplies Used, . . . 



Total, 



August, 1876. 



NuMBKR OF Days' Work 
PKR TON Rock. 



lloiifted. 

0.0093 
0.0084 
0.0165 
0.0084 
0.0269 
0.0697 
0.0042 
0.0042 



0.1476 



Milled. 

0.0127 
0.0114 
0.0225 
0.0114 
0.0367 
0.0951 
0.0057 
0.0057 



Cost per ton of Rock. 



Hoisted. 

$0.0237 
0.0161 
0.0278 
0.0107 
0.0386 
0.0804 
0.0089 
0.0068 

0.3192 



Milled. 

$0.0323 
0.0220 
0.0379 
0.0146 
0.0527 
0.1097 
0.0121 
0.0093 

0.4354 



0.2012 $0.5322 | $0.7262 



Allouez Mine. 





July, 1876. 


August, 1876. 


Tons of rock stamped per cord of wood, . 


6.47 


7.47 


Cost of stamping ton of rock, 


$0.8047 


$0,726 


Average vield of rock stamped in ingct, . 


1.819 percent. 


1.685 per cent. 


Average yield of rock hoisted in ingot. 


1.31 


1.24 


Number of tons of rock hoisted, .... 


7006 


7237 


Number of tons of rock stamped, .... 


5062 


5330 

1 



Average cost of milling one ton of rock, from July 1st, 1875, to July 1st, 187H, 
$1.0843. 

Average cost of mining one ton of rock, delivered in rock-house, during same 
period, $2,744. 

Average cost of one ton of rock, including smelting, $6,613. 

% 






• • • - * 

• • • % \» 
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The stamps at the Central Mine are of the Cornish patterns. The 
table below gives some details n^arding them : 



Number of dayii run, 

Number of stamp-beads run, . 

Number of tons of rock stamped per head in 

twenty- four hours, 

Yield of the rock in mineral, 

Yield of the mineral in copper, 

Number of tons stamped per cord of wood, . 

Cost per ton of rock stamped. 



The three following tables relate to the expenses of the Atlantic 

Mine: 

Atlantic Mine. 



1875. 






isn. 


91 






106 


32 






29 


5 87 






5.45 


S.TS 


per 


cent. 


4.21 per cent. 


70.08 


{( 




71.39 " 


10.27 






10.45 


$0.87 






$0.83 




Number of tons of mineral per month, . 

Percentage yield of the mineral, . . . 
Yield of the mineral per ton of rock, 

■ Number of lbs. of ingot copper, . . . 

I Number of cu. fathoms worked per man, 

I 

Cost per fathom, 

Number of men and officers, . . . . 



105 



27 lbs. 
1,565,000 

17.8* 

$55.48t 

316 



111 I 120 

68.85 i 71.32 

I 

27.56 lbs. ' 27.3 lbs. 

1,835,041 ; 2,054,304 

19.67 20.14 

$52.47 ; $45.62 

333 I 352 



Expense per Cubic Fathom of Ground Mined at the Atlantic Mine. 



1874. 



Total running expenses and marketing, . 
Construction expenses, 



$62.62 



Net expenses of mining and marketing, . . 



$62.62 



1875. 1876. 


1877. 


$61.61 $53.10 
6.13 .83 


$47.46 
1.84 


$55.48 $52.27 


$45.62 



Ratio of running expenses and co8t of smelting and marketing, per 
ton of rock stamped, at the Atlantic Mine : 

1874. 
Smelting and marketing, . $0.59 

Stamping, 1.00 

9 Mine railroHfl, ..... .16 

Mining, breaking, hauling, and officers, . 2.34 



1875. 


1876. 


1877. 


$0.56 


$0.56 


$0.49 


.88 


.67 


.68 


.15 


.12 


.117 


2.31 


2.19 


1.883 



Total, 



$4.09 $8.90 $3.54 $3.07 



* In 1874, 15.7. 



t In 1874, $62.62. 
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It is interesting to notice the continual decrease in the cost at this 
mine. The value of a ton of the rock for 1874 and 1875 was $4.39. 
The mine is working two shalfe, each of which has its own rock- 
house. The copper from a ton of rock, barrelled and ready for 
delivery, costs 88 cents. This includes the cost of mining and all 
outside expenses of every kind. The following tables give the sur- 
fiice expenses, the construction account, the miscellaneous expenses, 
the cost of mining, milling, and the cost of transporting to the smelt- 
ing works, and smelting at the Allouez Mine, for July and August, 

1876: 

Surface Expenses at the Allouez Mike. 

July, 1876. 



Hoisted. 

Surface Captain, 0.0038 

Teamsters and Laborers, . . . 0.0698 

Blacksmith, 0.0019 

Watchman, 0.0048 

Carpenter, i 0.0058 

Mason, 

Supplies Used, 



Number of Days* Work 
PER TON Rock. 



Total, 



0.0861 



Milled. 

0.0053 
0.0966 
0.0026 
0.0066 
0.0080 



0.1191 



Cost per ton op Rock. 



Hoisted. 

$0.0143 
0.1091 
0.0043 
0.0068 
0.0090 

0.0368 
$0.1803 



Milled. 

$0.0198 
0.1510 
0.0059 
0.0094 
0.0125 

0.0509 



$0.2495 



August, 1876. 



Surface Captain, . . . 
Teamsters and Laborers, 
Blacksmith, .... 
Watchman, .... 

Carpenter, 

Mason, 

Supplies Used, . . . 

Total 



Number op Days' Work 
PER TOM Rock. 



Hoisted. 

0.0037 
0.0678 
0.0019 
0.0046 
0.0037 
0.0037 



Milled. 

0.0050 
0.0925 
0.0026 
0.0063 
0.0050 
0.0050 



0.0824 



0.1164 



Cost per ton of Rock. 



Hoisted. 

$0.0137 
0.1011 
0.0049 
0.0066 
0.0050 
0.0090 
0.0592 

$0.1996 



Milled. 
$0.0187 
0.1380 
0.0067 
0.0090 
0.0068 
0.0123 
0.0808 



$0.2723 



Construction Account at the Allouez Mine. 

July, 1876. 



Carpenters and Masons on new 
house, 

Laborers at addition to stamp 
mill, 

Carpenters, 

Lumber and Supplies for con> 
struction of clerks' house, . . 

Total, 



JS^UMBBR OF Days' Work 
PER ton Rock. 



Hoisted. 



Milled. 



0.0154 i 0.0213 



0.0154 



Q.^\^ 



Cost per ton of Rock. 



Hoisted. 



$0.2459 



Milled. 



$0.3403 



V^.^iASiSi \'^3J^^ 
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August, 1876. 



Carpenters and Masons on new 
house, 

Laborers at addition to stamp 
mill, 

Carpenters, 

Lumber and Supplies for con- 
struction of clerks' hoase, . . 

Tot^il, 



NuuBER OP Days' Work 
PER TON Rock. 



Hoisted. 



0.0148 
0.0260 



0.0408 



Milled. 



0.0202 
0.0355 



0.0557 



Cost per ton of Rock. 



Hoisted. 



$0.0195 
0.0510 

0.0768 



Milled. 



$0.0266 
0.0696 

0.1048 



$0.1473 $0.2010 



Miscellaneous Expenses at the Allouez Mine. 

July, 1876. 



Agents and Clerks, . 
Insurance (monthly), 
Discount, .... 
Taxes (monthly). 

Assay, 

Expense in suit, . . 
Travelling expenses. 
Supplies used. 



Commission subtracted, 



Total, 



Number of Days' Work i 
PER ton Rock. ! 



Cost peb ton of Rock. 



Hoisted. 
0.0116 



0.0116 



Milled. 
0.0161 



Hoisted. 

$0.0761 
0.0214 
0.0040 
0.0571 
0.0027 
0.0102 

0.0092 



$0.1807 
0.0121 



0.0161 I $0.1686 



Milled. 
$0.1054 
0.0296 
0.0055 
0.0790 
0.0038 
0.0141 

0.0127 



$0.2501 
0.0167 



$0.2333 



August, 1876. 



Agents and Clerks, . 
Insurance (monthly), 
Discount, .... 
Taxes (monthly). 

Assay, 

Expense in suit, . . 
Travelling expenses, 
Supplies used, . . 



Commission subtracted, 



Total, 



Number of Day.s' Work 
PER TON Rock. 



Cost per ton of Rock. 



Hoisted. 
0.0111 



0.0111 



Milled. 
0.0151 



Hoisted. 

$0.0733 
0.0206 
0.0039 
0.0550 

0.0246 
0.0034 



Milled. 

$0.1000 
0.0281 
0.0053 
0.0750 

0.0334 
0.0046 



$0.1807 , $0.2466 
0.0116 0.0158 



0.0151 



.1691 ! $0.2307 
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Total Cost of Mining and Milling at the Allouez Mine. 

July, 1876. August, 1876. 





Cost per ton of Bock. 


Cost pbr ton of Bock. 


Total Mining Co8t, 

Hoisting Expense, 

Assorting and Selecting, . . . 

Surface Expenses, 

•Railroad Expense, 

Mineral and Copper Expense, . 
Miscellaneous Expenses, . 
Stamp Mill Expenses, . . . 
Construction Account, . . . 

Total Expenditures, . . . 

Received for Teaming Wood, 

Bents and Sundries, . . . 


Hoisted. 
$2.0395 

0.2098 

0.2911 

0.1803 

0.0693 

0.0268 

0.1686 

0.5814 

0.2459 


MiUed. 
$2.8227 

0.2904 

0.4029 

0.2495 

0.0960 

0.0371 

0.2333 

0.8047 

0.3403 


Hoisted. 
$2.0571 

0.2371 

0.2951 

0.1996 

0.0492 

0.0285 

0.1691 

0.5322 

0.1473 


Milled. 
$2.8070 

0.3235 

0.4027 

0.2723 

0.0671 

0.0389 

0.2307 

0.7262 

0.2010 


$3.8128 
0.1013 


$5.2770 
0.1402 


$3.7152 
0.1141 


$5.0696 
0.1557 


Total, 


$3.7115 


$5.1368 


$3.6011 


$4.9139 



Mineral and Copfeb Expense at the Allouez Mine. 





July 


, 1876. 


AuouOT, 1876. 




Cost pes ton of Rock. 


Cost pbb ton op Rock. 


Mineral Range R. R. Co., for 
Transportation of Mineral, 

Detroit and Lake Superior Cop- 
per Co. — " Coopering," . . 


Hoisted. 
$0.0230 

0.0038 


MUled. 
$0.0318 

0.0053 


Hoisted. 
$0.0240 

0.0045 


MiUed. 
$0.0327 

0.0061 


Total, 


$0.0268 


$0.0371 


$0.0285 


$0.0389 



The whole number of men in the employ of the Allouez company 
was in July, 1876, 396, and in August, 417. The following table, 
giving the details of the Quincy Mine for eight years, is taken fix>m 
the Hancock Journal, of March^ 1878. 



